We analyzed the pollen content of a marine core located near the bay of Guayaquil in Ecuador to document the link between sea surface temperatures (SST) and changes in rainfall regimes on the adjacent continent during the Holocene. Based on the expansion/regression of five vegetation types, we observe three successive climatic patterns. In the first phase, between 11,700 and 7700 cal yr BP, the presence of a cloud (Andean) forest in the mid altitudes and mangroves in the estuary of the Guayas Basin, were associated with a maximum in boreal summer insolation, a northernmost position of the Intertropical Convergence Zone (ITCZ), a land-sea thermal contrast, and dryness. Between 7700 and 2850 cal yr BP, the expansion of the coastal herbs and the regression of the mangrove indicate a drier climate with weak ITCZ and low ENSO variability while austral winter insolation gradually increased. The interval between 4200 and 2850 cal yr BP was marked by the coolest and driest climatic conditions of the Holocene due to the weak influence of the ITCZ and a strengthening of the Humboldt Current. After 2850 cal yr BP, high variability and amplitude of the Andean forest changes occurred when ENSO frequency and amplitude increased, indicating high variability in land-sea connections. The ITCZ reached the latitude of Guayaquil only after 2500 cal yr BP inducing the bimodal precipitation regime we observe today. Our study shows that besides insolation, the ITCZ position and ENSO frequency, changes in eastern equatorial Pacific SSTs play a major role in determining the composition of the ecosystems and the hydrological cycle of the Ecuadorian Pacific coast and the Western Cordillera in Ecuador. We analyzed the pollen content of a marine core located near the bay of Guayaquil in Ecuador to document the link 30
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3.2.1-Chronology 172
The chronology of core M772-056 is based on 11 radiocarbon measurements on the planktonic foraminifera 173
Neogloboquadrina dutertrei performed at the Leibniz Laboratory for Radiometric Dating and Stable Isotope 174
Research, Kiel University (Mollier-Vogel et al., 2013) (Table II) . Ages 14 C ages were converted into calendar ages 175 using the CALIB 6.0 program (Stuiver and Reimer, 1993) . Radiocarbon ages were first corrected using MARINE09 176 (Reimer et al., 2009) , with a constant R of 200 +/-50 years based on sites with known reservoir ages situated closest 177 to our core location in the marine reservoir correction database (http://calib.qub.ac.uk/marine/). The age model was 178 One hundred twenty-five silty-clay samples (between 4 and -10 cm 3 ) were taken at 10 cm intervals except for the 184 upper 80 cm that covers the last millennium, where the sampling resolution was 5 cm. Pollen preparation follows the 185 protocol detailed at (http://www.epoc.u-bordeaux.fr/index.php?lang=fr&page=eq_paleo_pollens). After chemical 186 treatment (cold 10%, 25% and 50% HCl, cold 45% and 70% HF and then KOH), the samples were sieved through a 5 187 We observed that the pollen assemblage is mainly composed of arboreal pollen, including 60.8% of Andean forest 219 (7.2 % of Alnus) and 1.3 % of Pacific rainforest, 19 % of mangrove, 3.9 % of Páramo and 16.3% of coastal herbs. These 220 pollen percentages respect reflect the pollen production and proportion of the surface occupied by the five main 221 vegetation communities of the Guayaquil basin and the efficiency of pollen transport to the ocean floor (Figure 1) . 222 Therefore, we consider that changes in the pollen record accurately represents an integrated image of the 223 vegetation dynamics in the Guayaquil basin during the Holocene ( In tThe first cluster, 12,300-7700 cal yr BP, is divided intowe recognize two zones. The first zone, between 12,300 and 231 10,000 cal yr BP, is characterized by the progressive increase and full development of the mangrove (Rhizophora) and 232
Andean forest (Alnus, Podocarpus, Myrica, Myrsine) while the coastal herbs vegetation (Chenopodiaceae-type, 233
Acalypha and Ambrosia-type) frequencies progressively decrease. In the second zone, 10,000-7700 cal yr BP, the 234 mangrove started to decrease, ; the Andean forest shows a maximum and while a reduction of the coastal vegetation 235 relatively low frequencies of the coastal herbs are is observed. Warmer and wetter conditions are revealed by this 236 first cluster. 237
In tThe second cluster, from 7700 until the present, is divided into three zones can be recognized.. The first zone 238 from 7700 to 4200 cal yr BP is characterized by a substantial increase of Alnus frequencieswoodlands, the maximum 239 frequency proportion of Podocarpus and a slow decrease in mangrove swamps reflecting relatively warm climate and 240 the wettest conditions frequencies. However, tThe strong expansion high frequencies of Podocarpus, Alnus, Myrica 241
Morella and fern spores in the Andean forest group is followed by their progressively decrease during this zone time 242 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 The mangrove frequencies forest shows low and high stands with a maximum frequencies development at 6000 cal 244 yr BP and two minima at 7500 cal yr BP and at 5600 cal yr BP. Maximum warmth and humidity conditions reverse 245 during this zone as reflected by the long-term substantial decrease of the Andean and mangrove forests. The second 246 zone, between 4200 and 2850 cal yr BP, is characterized by the maximum frequencies expansion of the coastal 247 herbsvegetation, low pollen percentagesreduction of Alnus woodlands, the minimum frequencies of the other 248
Andean forest taxa (Podocarpus, MyricaMorella, Myrsine) and the lowest frequency proportion of the mangrove 249 taxa. This zone reveals the driest conditions in the Guayas basin. The third zone, from 2850 cal yr BP to the present 250 day, is a period characterized by a slight decrease but still high Páramo (Asteraceae-Baccharis-type, 251
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Ambrosia-type), and the increase of
The 3000-year period between the onset of the Holocene, 11,700 and 7,700 cal yr BP was interrupted by five multi-272 centennial cooling and drying events. These oscillations are inferred from the repeated contractions of the Andean 273 forest: odd pollen subzones M772-1 and M772-3 and even pollen subzones M772-6 to 10. The first maximum of the 274
Andean forest, M772-5, occurred at around 10,100 cal yr BP, synchronous with the highest values of mangrove. 275
Then, the mangrove contracted contemporaneously with a second maximum of Andean forest between 9700 and 276 9250 cal yr BP (M772-7). Between 9250 and 9000 cal yr BP, the Andean forest setback was associated with the 277 maximuna values of the Pacific forest (M772-8) (Fig. 2) . 278
A The long-term regional drying trend characterized the second long-term phase from 7700 to 2850 cal yr BP. This 
5.1-Related changes in vegetation and sea-surface temperature in the Guayaquil basin 295
The interval between 12,000 and 10,000 cal yr BP is characterized by the progressive development of the mangrove 296 and the Andean forest with a maximum at around 10,000 cal yr BP (Fig. 4) 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Guayas during this time interval, the SST was warmer than during the previous time interval, the land-sea 318 temperature contrast weaker and the cloud formation on the continent less active. The climate became warmer and 319 the continent progressively drier. The development of Alnus overall followed the progressive SST warming (Fig. 4) . 320
This land-sea coupling can be related to the progressive increase of austral winter insolation at the latitude of 321
Guayaquil. 322
Between 7700 and 4200 cal yr BP SSTs show maximum values. The vegetation was characterized by a maximum of 323
Alnus and Podocarpus stands while the Andean forest cover continues to d to decrease. This opposite trend between 324
Alnus and the rest of the Andean forest was also observed during the last glacial maximum (Mourguiart and Ledru, 325 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 their highest values during this interval (Fig. 4) According to the study of Haug et al. (2001) , the ITCZ started to move south after 5400 cal yr BP which is also in 344 agreement with the increase of river discharge into the bay of Guayaquil (Fig. 4) . Therefore we infer changes in sea 345 levels that controlled the expansion of the mangrove on the coast and a weak influence of the ITCZ that prevented 346 the expansion of the Andean forest on the flanks of the western cordillera during this interval. 347 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
5.2-Orbitally-driven climatic variability in the Guayaquil region. 365
The last 12,000 years are characterized by three steps in the amount of insolation (Fig. 4) . The first step shows 366 maxima in the Northern Hemisphere (NH) boreal summer insolation and minima in Southern Hemisphere (SH) 367 summer austral winter insolation. The second step is a progressive increase of the insolation values in the SH with 368 the associated progressive decrease in the NH. The third step is the reverse situation when comparing with the early 369
Holocene. 370
In the early Holocene the maximum summer insolation at 65°Nvariations in the NH mid and high latitudes (Berger et 371 al., 1978), and the progressive sea level rise associated with the last deglaciation, ended at ~7000 cal yr BP. Between 372 the early and late Holocene the progressive decrease/increase of insolation values in the NH/SH is well reflected in 373 the global trends of vegetation development with, for instance, the progressive decrease of Andean forests and 374 mangroves and the increase of coastal herbs. However superimposed to this orbital forcing, variability in the SSTs 375 and the mean position of the ITCZ bring some local effects in the climate and environmental features of the 376 continent such as the extremely dry event observed between 4200 and 2850 cal yr BP. 377
Our data indicate that long-term changes of the Andean forest cover were controlled by insolation variations at 65°N 378 affecting the ITCZ position and related precipitation. The period between 4200 and 2850 cal yr BP coincides with low 379 boreal summer insolation but high summer insolation at 3°S, and shows a minimum development of Andean forest, 380 mangrove and Alnus synchronous with an optimal development of coastal herbs and slightly lower SSTs. Insolation 381 weaker ENSO frequency compared to the last 2000 yr (Moy et al 2002) . 386
The third long-term phase, since 2,850 cal yr BP up to the present, is characterized by progressive, but irregular, 387 increases in both SSTs and river discharge (terrigenous material) that followed the same trend than the austral SH 388 winter summer insolation. Annual rainfall distribution responds to the southward ITCZ shifts that reached the 389 latitude of Guayaquil and adopted the same bimodal seasonality than today (Fig. 1) . However Andean forest, coastal 390 herbs and mangrove do not follow the orbital trend and show high variability with an opposite pattern between, on 391 the one hand, mangrove and Andean forest expansion and, coastal herbs regression on the other hand. 392 393
5.3-Millennial scale variability in the Guayaquil basin 394
Superimposed to the orbitally-driven climate variability, a succession of millennial-scale warm-wet/cool-dry intervals 395 are recorded in the region of Guayaquil. Most of the regional forest cover contractions, indicating cooling/drying 396 events are contemporaneous with SST decreases that are weak, but larger than the error of the alkenone method 397 (0.4°C) (Pailler and Bard, 2002) . We observe that the weak and low frequency ENSO events identified between 398 12,000 and 5,000 cal yr BP (Moy et al., 2002; Liu et al., 2014) coincide with muted Andean forest 399 contraction/expansion in the Guayaquil basin (Fig. 5) . We also observe that the high variability and amplitude of the 400 Andean forest changes is observed when ENSO frequency and amplitude increased, i.e. during the last 3000 years 401 (Fig. 5) . Based on Andean forest changes, a major increase of precipitation in the Bay of Guayaquil occurred at 402 ~3,000, 2,000 and 1,200 cal yr BP which coincides with precipitation increase observed recorded at the Galapagos 403 lake El Junco (Conroy et al., 2008) . On the other hand, the coolest events observed at ~2,500, 1,500 and 1,000 cal yr 404 BP in the Guayas Guayaquil basin are contemporaneous with cooling in the Bay of Guayaquuil and could be related 405 to a further northward penetration of the Humboldt Current along the coast of Peru. Therefore we infer abrupt 406 changes in the upwelling system driven either by the Humboldt Current or by ENSO at multidecadal scales, or both, 407 for the last millennia, thus reinforcing (or weakening) the average ITCZ-forced high (low) precipitations in the 408
Guayaquil Guayas basin. 409 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 We confirm that marine pollen records collected from the river outlets accurately represent an integrated image of 453 the regional vegetation of the adjacent landmasses and, consequently, the climatic parameters under which this 454 vegetation developed. We show that changes in insolation, SSTs and ITCZ control the hydrological cycle in this area. 455
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